The development of the metabolizable energy (ME) system has greatly increased our knowledge of the energy value of feeds, the requirement of the cow for energy and the likely milk yield response to increments of energy (feed) at different stages of lactation. It is thus possible to treat the cow as an individual and allocate food according to her production potential. T o do so requires the regular recording of each cow's performance, regular adjustment of diets and extensive investment in the equipment required to feed cows individually. Such a system is only likely to be used where : ( I ) herds are small and recording yield or adjusting feeding will not require a great deal of time, or in larger herds where extensive use is made of electronic recording and computerized management aids;
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The development of the metabolizable energy (ME) system has greatly increased our knowledge of the energy value of feeds, the requirement of the cow for energy and the likely milk yield response to increments of energy (feed) at different stages of lactation. It is thus possible to treat the cow as an individual and allocate food according to her production potential. T o do so requires the regular recording of each cow's performance, regular adjustment of diets and extensive investment in the equipment required to feed cows individually. Such a system is only likely to be used where : ( I ) herds are small and recording yield or adjusting feeding will not require a great deal of time, or in larger herds where extensive use is made of electronic recording and computerized management aids;
( 2 ) there is a wide spread of calving dates in herds which are not large enough to group; (3) where very high levels of concentrates are given; (4) when forage supplies are severely restricted.
Frequently, such a system does not involve ad lib. access to food and the amount of food given is below the appetite capacity of the animal. Where animals are housed and fed individually ad lib., daily dry matter (DM) intakes are similar to those of cows fed individually, but housed in groups (J. A. Bines, unpublished results) .
Increasingly, herds do not fit into the previously-described categories, and the need to use labour efficiently has resulted in the widespread adoption of group housing of cows with group-feeding of at least the forage component of the diet and often of some or all the concentrate components as well. Where forage is available ad lib., the milk yield response to additional concentrates will be less than where forage intake is fixed due to the widely recognized substitution effect, i.e. the reduction in forage DM intake per unit increase in concentrate DM consumed. Under such feeding systems, the cow is allowed to express her potential up to the limitations imposed by the diet. Intake under these circumstances is determined by characteristics of the cows, of the forages and of the concentrates and by the feeding system (i.e. method of food allocation) in use. This paper is concerned primarily with the effects of feeding system on intake; characteristics of cows and food may have important interactions with the system.
Characteristics ofthe cow
As has been pointed out in detail elsewhere (Bines, 1979 (Bines, , 1984 , the size of cow and stage of lactation have greater influences on the amount of food eaten by the cow, than does her milk yield at any particular time. DM intake increases by about I kg/d per 50 kg increase in live weight or per 10 kg increase in milk yield. It is difficult to relate intake at any stage of lactation to the performance of the cow at the same time. Indeed, in early lactation, for example, milk yield can be very high at a time when intake is notably depressed. Various approaches have been used to overcome this problem in developing intake-prediction equations (Bines, I 984) . One solution which is not difficult to handle, is to assume that the form of the intake curve is similar to that of the lactation curve and analyse it by use of Wood's (1967) equation. This is discussed in more detail in Bines (1984).
Characteristics of the forage
These consist essentially of the species, the stage of maturity at harvest and the form in which fed (fresh, dried or ensiled). Comparisons are difficult because confounding between two or more of these characteristics often exists. In general terms, intakes of leguminous species are often greater than those of grass and related species. Within a species, stage of maturity at harvest has a major influence on digestibility and thereby on intake of forage. On average, intake rises by about 0.15 kg DM/unit increase in D value (in vitro digestible organic matter in the DM) of the forage (Thomas, 1980) . The effect of digestibility on intake may be more marked in early lactation than later on (Table I) . Various forms of physical or chemical treatment of forages of low digestibility are available to enhance their intake (Bines, 1984) . Until now, these have not been widely used in the feeding of dairy cows, although they may become economically more attractive in the future to lower the costs of milk production.
The effect on intake of the form in which forage is given involves essentially a comparison of different methods of conservation since fresh and conserved forages are rarely in competition with each other under UK management systems. Artificial drying of young highly-digestible grass and other crops provides an attractive food for dairy cows. It is eaten in large amounts and can sustain substantial milk yields without supplementation (Thomas, 1980) . Unfortunately, its high cost relative to other forms of conserved forage means that it is only used in certain very specialized circumstances. Where hay and silage have been made from similar crops cut at the same stage of maturity, intakes of silages are generally lower than those of hays. The reasons for this are not clear, but appear to relate to the DM content of the silages and probably also, directly or indirectly, to fermentation characteristics ( Table 2) . Wilting before ensiling will raise the DM content of the silage and often, also, intake. However, this does not result in a consistent effect on cow performance (Thomas, 1980) . In contrast, use of an additive usually raises both intake and milk yield (Tyrrel & Reid, 1967 ).
Characteristics of concentrates
There is not a great deal of information about the effect of concentrate composition on food intake. The best-established relationship is the tendency for some protein concentrates to stimulate silage intake (Castle & Watson, 1976; Gordon, 1979) . The mechanism of this effect is not clear but probably relates to the form, rather than the amount of protein in the diet. Highquality dried forages, especially when ground and pelleted, probably act in a similar way (Tayler & Aston, 1976) .
Many typical dairy concentrates inhibit forage intake, i.e. they substitute for forage rather than supplement it. This probably results from depression of fibre digestion in the rumen by the products of digestion of the concentrate, especially those derived from the starchy constitutents. This being so, it should be possible to reduce this problem by replacing the energy of the starchy ingredients by other readily-digestible sources of energy (e.g. fat or cellulose). It has been shown that such changes can raise forage DM intakes by about Methods of feeding (a) Forages. The method used for feeding forages to cattle may play a major role in determining the amount eaten. There is some evidence (Coppock et al. 1972;  Phipps et al. 1983) that the mere act of feeding cattle in groups will raise intake compared with individual feeding. However, this can only come about where access to food is not limited. Three methods of forage allocation can be distinguished: ( I ) directly from a silage clamp; (2) from a trough (silage) or rack (hay); ( 3 ) as part of a complete diet (from a trough or feeding passage).
Where cows are feeding from a trough, rack or feeding passage, the forage will be in a loose form and prehension will not involve any effort in removing food from a compacted mass as is the case with feeding directly from a clamp. Under these circumstances it is clearly established that the length of the trough per cow is the major factor affecting intake. The size of this effect is illustrated in Table 3 . Clearly, in reducing trough length from 300 to 200 mm/cow, there is a reduction in the amount of food eaten although this is not apparent from the amount of time spent at the trough. A reduction below 200 mm results in a marked depression of both feeding time and food intake. The commonly recommended minimum width in the UK to avoid inhibition of intake is 240 mm where access is available throughout the 24 h period.
The compacted nature of silage in a clamp reduces the rate of eating by the cow. If maximum intakes are to be obtained, the cow will need to spend a greater amount of time eating and therefore a greater total face width will be required. It seems likely that compaction will be greater in wetter materials and in less-fibrous materials and also possibly in mixtures containing substantial amounts of clover. To ensure maximum forage intake, the minimum recommended width in the UK for feeding directly from a clamp is 300 mm. Even so, we have recorded intakes of silage from a clamp which are 20% lower than those of similar cows eating from troughs (R. H. Phipps and J. A. Bines, unpublished results).
The use of complete diets is likely to increase forage intake where the acceptability of the forage is inherently low, i.e. low digestibility or poor fermentation. In one trial where a poor-quality lucerne (Medicago satiwa) silage was given together with maize silage, sugar-beet pulp and concentrates, total DM intake was about 2 kg greater when the foods were given as a complete diet than when they were given separately (Phipps et al. 1 9 8 4~) .
In the latter situation, the lucerne silage was invariably the first food to be refused in an experiment where the amounts of the other dietary components were restricted in order to maintain a constant composition of the total ration eaten. The concentrate content of this mix Reduction in intake of forage per unit of additional concentrate (kg/kg VOl. 44 was about 650-700 g/kg and may also have contributed, in part, to the difference in intake. Other aspects of complete diet feeding are dealt with in the next section.
(b) Concentrates. The two important components of the feeding system with regard to the concentrate part of the diet, are the total amount given and the number of meals into which that daily allocation is divided. All feeding systems can be considered in these terms. In general, an increase in the total amount of concentrates given, or a decrease in the frequency of feeding will both generate a more extreme rumen environment (Sutton, 1981) which will potentially depress fibre digestibility and hence forage intake.
The commonest management system is the feeding of concentrates in the milking parlour during milking and will therefore take place twice, or occasionally three times, per d. Whether the concentrates are allocated to cows according to individual performance, or whether a flat-rate system of allocation is used is much less important than the total amount given to each cow. As the level of concentrate increases so the forage intake will decline. This decline will vary with the type of forage available and will be related, broadly, to the feeding value of the forage; this substitution effect is illustrated in Table 4 . The rate of substitution declines with advancing lactation (Ekern, 1972; Bines, 1984) and may increase with increasing proportion of concentrates in the total diet (0stergaard, 1979) . The latter effect may be responsible for the apparently-higher substitution rates in higher-yielding cows (Thomas, 1980) . Since, for most forages, the substitution rate is less than I ' 0 , it follows that increasing the amount of concentrates given will generally raise total food intake even though forage intake declines.
Where flat-rate feeding of concentrates has been compared with either fixed stepped rates or with feeding to yield, it has been concluded that cow performance is not adversely affected provided the forage is of good quality (D>65) and is available a d fib. Under these circumstances, cows of higher potential are able to compensate for any deficiency in nutrient supply in the concentrates by eating more forage (Table 5 ). This may be only a partial compensation and may result in a reduced peak yield by the cow, but a large body of evidence suggests that this is balanced by improved persistency so that total lactation performance is either unaffected (Johnson, 1977; 0stergaard, 1979) or may even be improved (Taylor & Leaver, 1984) . Fuller accounts of flat-rate feeding have been published (Taylor, 1979; Bines, 1984) .
Increasing the frequency of feeding concentrates, especially where the total daily allocation is large, may be expected to reduce or even eliminate extremes in the pattern of rumen fermentation (Sutton, 1981) . This is known to enhance the rate of fibre digestion in the rumen and should theoretically raise forage intake. Unfortunately, there is little experimental evidence to either prove or disprove this theory. Where large amounts of concentrates have been given at increased frequencies, forage availability has been restricted. Where forage has been available to appetite, the amounts of concentrates offered have generally been small (Gibson, I 984) .
In practical terms, increased frequency of concentrate allocation is achieved in three ways :
( I ) extra feeds between milkings either in a trough (which precludes control ( 2 ) out-of-parlour concentrate dispensers; (3) complete-diet feeding.
In the first of these, as indicated previously, there have been few trials where the level of concentrates has been high and forage was available ad lib. Where these two conditions were met (Kaufmann, 1976) , the increase in forage intake was disappointingly small.
Out-of-parlour concentrate dispensers vary in the degree of sophistication. The older models gave selected cows unrestricted access to concentrates at any time of the day. More recently, computerized models enable each cow to be allocated an individual ration, the intake of which can be spread over four, six or more periods in the day. Regardless of the degree of control possible, there is little independent evidence of a marked improvement in forage intake resulting from the use of these machines (e.g. Gordon, 1984) .
Increasing the frequency of feeding concentrates by the use of complete-diet techniques has not established clear intake advantages with conventional diets, although there may be an increase where higher levels of concentrates are used over each individual cow's intake) or by taking cows through the milking parlour;
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Food intake, and its control by farm animals (Phipps et al. 1984a) . Within the complete-diet system, however, variations in intake are likely to result from variations in composition of the complete diet. There is considerable difference of opinion on the need to group cows according to performance and provide a different complete diet for each group. Where a single diet is provided there is a risk that either the performance of high-yielders may be depressed, or that low-yielders will become overfat. The evidence from work on flat-rate feeding is that a change in the shape of the lactation curve of the high-yielders may allow them to adapt to possible underfeeding in early lactation. Overfatness in lower-yielders can only be overcome by removing them from the herd. Reducing the energy concentration of the complete diet as lactation progresses will result in a marked fall in intake and milk yield (Phipps et al. 1984b) although the diet will be used with greater efficiency.
